Background: Patients with hepatitis C virus (HCV) genotype 3 infection remain a difficult-to-cure population. This study evaluated the efficacy and safety of sofosbuvir-based regimen in genotype 3 patients in a real-world setting.
Background
Hepatitis C virus (HCV) infection is a major cause of liver cirrhosis, hepatocellular carcinoma (HCC), liver transplantation, and liver-related death worldwide [1] . It is estimated that the total global HCV prevalence is 2.5% and 177.5 million adults are infected by HCV [2] . The prevalence of HCV in China is not precisely known owing to the absence of large population-based studies. A national survey conducted in 1992 showed that the HCV infection rate was 3.20% in general population in China [3] . A review published in 2015 showed that the HCV prevalence in the general population was 1.6% in mainland China and 1.8-5.5% in Taiwan [4] .
There are seven major HCV genotypes (HCV 1-7) including numerous subtypes [5] . Genotype 1 is the most prevalent worldwide (49.1%), followed by genotypes 3 (17.9%), 4 (16.8%) and 2 (11.0%) [2] . In China, six HCV genotypes have been found [6] and the major genotypes include genotypes 1, 2, 3, and 6 [7, 8] . The major subtypes are 1b, 2a, 3b, 6a and 3a [7, 8] , accounting for 98.84% of the patient samples investigated (1b, 52.18%; 2a, 28.69%; 3b, 7.06%; 6a, 6.41% and 3a, 4.62%) [7] . Among the HCV genotypes worldwide, genotype 3 is the second most common genotype [2] . In China, genotype 3 is also among the major genotypes [7, 8] and is the most prevalent genotype in drug users [9] . Moreover, genotype 3 shows an increasingly wide geographic distribution over time [10] and is associated with a trend of earlier cirrhosis incidence [11] .
HCV genotype is important in predicting the risk of disease progression and the response to treatment [12] . Genotype 3 is related to a higher rate of disease progression and mortality compared to other genotypes [13] [14] [15] . Genotype 3 is also associated with accelerated fatty liver disease [15] , liver fibrosis [15, 16] , cirrhosis [17] and a higher incidence of HCC [15, [17] [18] [19] . Moreover, genotype 3 has the lowest rate of sustained virologic response (SVR) when treated with the pegylated-interferon-based regimen [13] . Therefore, more effective treatments are needed for patients with genotype 3 infection.
With the advent of direct-acting antivirals (DAAs), the treatment of HCV infection has been greatly revolutionized. The current treatment recommendation for genotypes 1-6 infection (pangenotypic regimen) by the American Association for the Study of Liver Diseases (AASLD 2018) and the Infectious Diseases Society of America (IDSA) is a combination of glecaprevir (GLE)/ pibrentasvir (PIB), sofosbuvir (SOF)/velpatasvir (VEL) or SOF/VEL/voxilaprevir (VOX) [20] . The European Association for the Study of the Liver (EASL 2018) recommends a combination of SOF/VEL or GLE/PIB [21] . The Asian-Pacific Association for the Study of the Liver (APASL 2016) recommends the use of SOF with ledipasvir (LDV) for treating all genotypes except genotype 3 [22] . For the treatment of HCV genotype 3 infection, AASLD (2018) and IDSA recommend a combination of SOF/daclatasvir (DCV), GLE/PIB, SOF + elbasvir/grazoprevir, SOF/VEL or SOF/VEL/VOX [20] , EASL (2018) recommends SOF/VEL, GLE/PIB or SOF/VEL/VOX [21] and APASL (2016) recommends SOF/DCV [22] . Some modifications in the regimens may apply according to the disease severity, treatment-experience and comorbidities.
In China, the current use of DAAs for treatment of HCV infection varies according to the availability and price of the drugs and the willingness of the patient with full discussion on the justifiability by the patient and the consulting physician, in addition to the HCV genotypes infected and the disease condition, because some regimens of DAAs such as GLE/PIB and SOF/VEL/VOX have not been available and the medical expenses of DAAs have not been included in the reimbursement of health insurance in most areas.
Patients with HCV genotype 3 infection remains a difficult-to-cure population and HCV genotype 3-infected patients including those with cirrhosis, prior treatment failure or comorbidity may require different regimens. The present study aimed to evaluate the efficacy and safety of SOF-based regimens in patients with HCV genotype 3a infection in a real-world setting.
Methods

Study design and participants
This study included HCV genotype 3a-infected adults who had compensated liver disease and treated in the period from March 2016 to November 2017. Eligible participants were patients with chronic HCV genotype 3a infected compensated liver disease (with or without cirrhosis). Patients with renal impairment were also permitted. Patients who had one of the following criteria were excluded: age less than 18 years; co-infection with other genotype HCV; infection of hepatitis A, B or E or human immunodeficiency virus; autoimmune hepatitis, primary biliary cholangitis or primary sclerosing cholangitis, and decompensated liver disease including decompensated cirrhosis, liver failure and HCC. The patients were treated with sofosbuvir 400 mg plus velpatasvir 100 mg (SOF/VEL) daily for 12 weeks or sofosbuvir 400 mg plus daclatasvir 60 mg (SOF/DCV) daily with or without ribavirin (RBV) for 12 or 24 weeks, respectively, according to the availability of treatment option and the discretion of the patient and referring physician by discussion on the efficacy, safety consideration and cost. For patients on hemodialysis, the drugs of the day of hemodialysis were administered within 1 h before dialysis. All the patients consented to the treatments. The study was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University and was performed in a manner conforming to the Declaration of Helsinki. The requirement for written informed consent was waived because of the retrospective design of the study and the anonymous use of the data and elimination of the patients' identification information.
Assessments of efficacy and safety
The patients were carefully monitored for clinical symptoms and adverse events (AEs) including serious adverse events (SAEs) during the treatment and follow-up. Laboratory data including routine blood tests, biochemical liver and renal function and HCV RNA were regularly monitored at baseline, week 4 of therapy, the end of therapy (week 12 or week 24), and at week 12 after the completion of therapy. Additional laboratory tests might be performed in some patients with the request of patient and the consultation of referring physician. Efficacy was measured by sustained virologic response at post-treatment week 12 (SVR12). Serum HCV RNA was quantified by reverse-transcription polymerase chain reaction (RT-PCR) using the Cobas AmpliPrep/COBAS TaqMan HCV Test (Roche Diagnostics, Branchburg, NJ, USA), which has a lower limit of 15 IU/mL for HCV RNA quantification. HCV genotype was determined using RT-PCR with genotype-specific primers from the 5′noncoding region of the virus. Routine blood tests and biochemical liver and renal functions were determined using standard procedures. The primary endpoint was SVR12, which was defined as serum HCV RNA undetectable at 12 weeks after the end of therapy. The secondary endpoints were the treatment-related AEs and laboratory abnormalities.
Statistical analysis
Categorical data were expressed as numbers (percentages) and continuous variables were expressed as mean ± standard deviation (SD). Serum HCV RNA levels are presented as log transformations. Continuous variables with normal distributions were analyzed using Student's t test or the Mann-Whitney test. The paired t test was used to compare continuous variables. A P value < 0.05 was considered statistically significant. Statistical analysis was performed using SPSS 20.0 software (SPSS Inc., Chicago, IL, USA).
Results
Characteristics of the study population and treatment regimens
A total of 41 genotype 3a HCV infected patients were enrolled. Most of the patients were male (80%) and treatmentnaïve (95%). Of the 41 patients, 26 (63%) had a history of intravenous drug abuse, 10 (24%) had cirrhosis, 3 (7%) had renal impairment (2 patients were on maintenance hemodialysis due to chronic renal failure and 1 had chronic glomerulonephritis and all of them were without cirrhosis), and 2 (5%) failed previous interferon/RBV treatment. Most of the patients chose SOF/DCV regimen because of the availability and lower price. Specifically, nine patients (22%) including 2 with cirrhosis were treated with SOF/VEL for 12 weeks. Thirty-two patients (78%) were treated with SOF/ DCV. Of the 32 patients treated with SOF/DCV, 20 patients including 2 with cirrhosis were treated for 12 weeks and 12 patients including 6 with cirrhosis were treated for 24 weeks (Fig. 1, Table 1 ). Six (19%) patients treated with SOF/DCV in combination with RBV (5 were treated for 12 weeks and 1 for 24 weeks, Fig. 2 ).
Virologic response
Overall, SVR 12 was achieved in 9/9 (100%; 95% confidence interval [CI], 66-100%) patients treated with SOF/VEL for 12 weeks (Fig. 2 ) and 31/32 (97%; 95% CI, 84-100%) with SOF/DCV for 12 or 24 weeks. The SVR12 rates of SOF/DCV 12-week, SOF/DCV + RBV 12-week, SOF/DCV 24-week, and SOF/DCV + RBV 24-week treatments were 15/15 (100%; 95% CI, 80-100%), 5/5 (100%; 95% CI, 57-100%), 10/11 (91%; 95% CI, 62-98%) and 1/1(100%; 95% CI, 21-100%), respectively (Fig. 2) . RBV addition did not improve SVR (RR: 1.04; 95% CI, 0.96-1.12; P = 0.99). The virologic responses during and after treatment in different treatment groups were shown in Additional file 1: Table S1 . No patients had virologic failure during treatment, and only one patient who was treatmentnaïve, non-cirrhotic but on hemodialysis had a virologic relapse at post-treatment week 8 with SOF/DCV treatment for 24 weeks (Fig. 2) . Fig. 1 Study design for HCV genotype 3a infected patients enrolled in the study. Nine patients (including 2 with cirrhosis) were treated with SOF/ VEL for 12 weeks, 20 patients (including 2 with cirrhosis) were treated with SOF/DCV for 12 weeks and 12 patients (including 6 with cirrhosis) were treated with SOF/DCV for 24 weeks. All the patients were followed-up for more than 12 weeks after the completion of treatment Among treatment-naïve non-cirrhotic patients, the SVR12 rates of SOF/VEL 12-week, SOF/DCV 12-week, SOF/DCV + RBV 12-week, SOF/DCV 24-week and SOF/ DCV+RBV 24-week treatments were 6/6 (100%; 95% CI, 54-100%), 13/13 (100%; 95% CI, 75-100%), 4/4 (100%; 95% CI, 51-100%), 4/5 (80%; 95% CI, 38-96%) and 1/1 (100%, 95% CI, 2-100%), respectively (Fig. 3) . Only 1 treatmentnaïve non-cirrhotic patient who was undergoing hemodialysis and treated with SOF/DCV for 24 weeks did not achieve SVR12. Among treatment-naïve cirrhotic patients, the SVR12 rates of SOF/VEL 12-week, SOF/DCV 12-week, SOF/DCV + RBV 12-week, and SOF/DCV 24-week treatments were 2/2 (100%; 95% CI, 34-100%), 1/1 (100%; 95% CI, 21-100%), 1/1 (100%; 95% CI, 21-100%), and 6/6 (100%; 95% CI, 61-100%), respectively (Fig. 3) . Compared with 12 weeks of treatment, extension of SOF/ DCV treatment to 24 weeks did not improve SVR (RR: 1.09; 95% CI, 0.92-1.30; P = 0.375).
Among the 2 treatment-experienced patients, 1 patient received SOF/VEL for 12 weeks and 1 received SOF/ DCV for 12 weeks. Both of them achieved SVR12.
Among the 3 patients with renal impairment, the 2 patients on hemodialysis received the treatment of SOF/ DCV for 24 weeks and the patient with chronic glomerulonephritis received SOF/VEL for 12 weeks. An end of treatment virologic response was obtained in all the 3 patients. Of the 2 patients on hemodialysis, one patient obtained SVR12, but the other patient relapsed 8 weeks after the completion of treatment with an HCV RNA level of 290 IU/mL. The patient with chronic glomerulonephritis treated with SOF/VEL for 12 weeks obtained SVR12.
The initial values of alkaline phosphatase and gammaglutamyltransferase activities were normal at baseline and did not elevate during the treatment period and follow-up. The values of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and bilirubin were slightly elevated at baseline (Table 1) 
Adverse events
The treatment was well tolerated. Only some nonserious AEs were reported, which was probably not related to the administered drugs. The common nonserious AEs (> 5%) included headache, fatigue, insomnia, and nausea (Additional file 2: Table S2 ). No patients discontinued treatment prematurely because of AEs. No SAEs were recorded during the treatment period and the 12-week follow-up after treatment completion. No relevant laboratory abnormalities in bilirubin, ALT, AST, creatinine, blood urea nitrogen or estimated glomerular filtration rate (eGFR) were observed.
Discussion
Despite revolutionary progress in the treatment of chronic HCV infection with the advent of DAAs, HCV genotype 3 infection remains a clinical challenge, especially when cirrhosis or a comorbidity is present or a previous treatment failure exists. In this study, SOF/VEL and SOF/DCV are highly efficacious and well tolerated in HCV genotype 3a-infected Chinese patients. Overall, SVR12 was achieved in 100% (9/9) of patients treated with SOF/VEL for 12 weeks and 97% (31/32) of those treated with SOF/DCV for 12 or 24 weeks with or without RBV. SOF/VEL was recommended for treatment-naïve and treatment-experienced genotype 3 patients without cirrhosis for 12 weeks [20, 21] . The SVR 12 was achieved in 100% (9/9) patients treated with SOF/VEL for 12 weeks in this study, confirming that SOF/VEL is an efficacious therapy for genotype 3a infection. A phase 3 trial of SOF/VEL showed high overall SVR12 in genotype 3a patients [40/41 (98%)], the SVR12 in genotype 3a patients without non-structural protein 5A resistanceassociated substitutions (NS5A RASs) was 100% (35/35) but the presence of NS5A RASs decreased the SVR12 to 83% (5/6) [23] . A study in Chinese patients with HCV genotype 3 infection showed that the SVR24 was 100.00% (21/21) with SOF/VEL treatment [24] , but no subtype information was provided. The present study showed a similar overall SVR12 to the phase 3 trial [23] . The combination of SOF/VEL is not recommended in treatment-naïve and treatment-experienced patients infected with HCV genotype 3 with compensated (Child-Pugh A) cirrhosis because of the suboptimal results [21] . The present study only had 2 patients with cirrhosis. Both of the patients achieved SVR12. In cirrhotic and non-cirrhotic and in treatment-experienced HCV genotype 3a patients, the present study showed that SOF/VEL achieved 100% SVR12. It is suggested that SOF/VEL for 12 weeks is an efficacious and safe treatment for patients with HCV genotype 3 infection.
In this study, most of the patients (32/41) chose SOF/ DCV regimen because of the availability and lower price.
A phase 3 study of 12-week SOF plus DCV achieved SVR12 in 96% of patients with genotype 3 infection without cirrhosis [25] . A real-world study performed in USA showed that the SVR rate of SOF/DCV in genotype 3 was 90.8% (366/403) [26] . This study showed that prior treatment-experience and advanced liver disease were significantly predictive of reduced odds of SVR for patients with genotype 3 [26] . This study also showed that RBV did not affect cure rates of SOF/DCV treatment [26] and this is consistent with the observation in the present study. Another real-world observation carried out in Spain showed that 95% (19/20) of the HCV genotype 3 patients treated with DCV/SOF for 12 weeks achieved SVR12 [27] . This study had small number of patients compared with the study in the USA [26] . Both of these two real-world studies showed that SOF/DCV is highly effective in patients with HCV genotype 3 infection. A study in Chinese HCV genotype 3 patients showed that the SVR24 rate of SOF + DCV or SOF + DCV + RBV was 85.96% (49/57) and 91.67% (22/24), respectively [24] . The regimen demonstrated high SVR12 [97% (31/32)] for a 12-or 24-week treatment in the real-world setting of the present study. All these results therefore suggest that SOF/DCV is an efficacious therapy for HCV 3 infection.
There may be a difference between HCV genotypes 3a and 3b in the treatment efficacy of SOF-based regimens although most of the HCV genotype 3 treatment studies did not provide a differentiation between genotypes 3a and 3b. In the phase 3 trial of SOF/VEL, the overall SVR12 of SOF/VEL was 98% (40/41) in genotype 3a patients, but it was 75% (30/40) in genotype 3b patients [23] . A recent study compared the efficacy of SOF plus RBV for 24 weeks in Chinese patients with HCV genotype 3a and 3b and showed that the SVR12 rate in patients with genotype 3b [91% (62/68)] was lower than that in patients with genotype 3a [100% (58/58)] infection [28] . It is suggested that the efficacy of SOF-based regimens may differ between genotype 3a and 3b patients although the present study did not include genotype 3b patients and additional study is needed to clarify this issue.
The presence of cirrhosis may be associated with a reduced SVR12 rate in HCV genotype 3 patients compared with those without cirrhosis in the treatment of SOF/ DCV [25] . In a real-world HCV genotype 3 study, DCV/ SOF 12-week achieved a SVR12 of 100% in patients without cirrhosis and 90% in those with cirrhosis [27] . In a Chinese HCV genotype 3 cohort, the SVR24 rate was not statistically different between patients with and without cirrhosis (81.82% [27/33] vs. 94.20% [65/69]) [24] . In our study, 8 patients with cirrhosis used SOF/ DCV treatment. SVR12 was achieved in 100% (2/2) of patients treated for 12 weeks (1 with combination of RBV) and 100% (6/6) of those treated for 24 weeks. All these results therefore suggest that SOF/DCV is also an efficacious therapy for HCV genotype 3 patients with cirrhosis although the SVR12 in patients with cirrhosis is slightly lower than in those without cirrhosis in some studies.
Prior treatment-experience may reduce the SVR for patients with genotype 3 [26] . In the phase 3 study of 12-week regimen of SOF plus DCV, the SVR12 rates were 90% (91 of 101) and 86% (44 of 51) in treatment-naïve and treatment-experienced patients, respectively [25] . In the present study, 2 patients had treatment-experience. One patient treated with 12 weeks of SOF/VEL and the other treated with 12 weeks of SOF/DCV. Both of them achieved SVR12. A costeffectiveness analysis showed that SOF plus DCV is a safe and cost-effective option for the treatment of chronic HCV genotype 3 patients including those following a first-line treatment of peg-interferon/RBV treatment experience [29] . Therefore, SOF plus DCV is an efficacious, safe and cost-effective option for the treatment of chronic HCV genotype 3 patients with treatment-experience.
Chronic HCV infection is associated with increased chronic kidney disease (CKD) [30] . It the present study, 3 patients had renal impairment, 2 of them were on maintenance hemodialysis due to chronic renal failure and 1 had chronic glomerulonephritis and all of them were non-cirrhotic. One patient on maintenance hemodialysis and another patient with chronic glomerulonephritis achieved SVR12 with SOF/DCV 24-week or SOF/VEL 12-week treatment, respectively. One patient on hemodialysis treated with SOF/DCV for 24 weeks relapsed after treatment completion. The renal failure of this patient was related to chronic glomerulonephritis. The relationship between the chronic glomerulonephritis and HCV is unclear because of the lack of determination of HCV RNA and HCV antigen in the renal tissue. Whether the relapse is related to the alteration of immune response in renal failure of chronic glomerulonephritis is uncertain. A retrospective study evaluated the safety and efficacy of SOF/DCV in genotype 3a chronic HCV infection in 6 male patients with end-stage renal disease (ESRD) on maintenance hemodialysis (2/6 with compensated liver cirrhosis). The patients were treated with a reduced dose of SOF (one half of a 400 mg tablet) and 60 mg of DCV once daily. All of the patients completed a 12-week treatment and 100% (6/6) achieved SVR, including two with cirrhosis and two with high viral load (HCV RNA > 6,000,000 IU/mL) [31] . In our patients, the doses were not reduced considering the efficient hemodialysis in the 2 patients and the normal eGFR regardless of the glomerulonephritis in the other patient. Furthermore, studies showed that the predominant circulating inactive metabolite GS-331007 of SOF in the ESRD subjects on hemodialysis was lower when SOF was dosed 1 h before hemodialysis than when SOF was dosed 1 h after hemodialysis [32] and hemodialysis can efficiently remove the circulating metabolite GS-331007 [33] . The observation in patients on maintenance hemodialysis with HCV genotypes 1 or 2 showed that full-dose SOF (400 mg daily) have a higher SVR than reduced-dose SOF (400 mg 3 times a week) [34] . No serious adverse events or laboratory abnormalities were observed in the 3 patients with renal impairment in the present study. Therefore, although large scale study is lacking, DCV and SOF when used in a daily full-dose appear to be a safe and effective treatment in patients with HCV genotype 3 infection and renal impairment including those on hemodialysis.
RASs in HCV NS5A and non-structural protein 5B (NS5B) may affect the efficacy of DAAs. A study sequenced the NS5A and NS5B of 45 HCV genotype 3-infected patients subsequently treated with SOF ± DCV and showed that baseline NS5A RASs A30K and Y93H were detected in 9.5% of patients and the RASs in NS5A and NS5B might impact the treatment outcome [35] . A study showed that S282 T mutation in the HCV NS5B was not prevalent in DAA-treated naïve Chinese patients chronically infected with HCV including 3a and 3b [36] . A study in vitro showed that exposure to SOF may induce an escape variant with substitutions in NS5B including the RAS S282 T in genotype 3a and this escape variant may decrease the efficacy of SOF [37] . The relapsed patient in the present study was treatment-naïve and thus the possibility of presence of NS5A and NS5B RASs appears to be very unlikely although RASs detection was not performed.
Taking into account the limitations of this study including retrospective design, the small sample size of patients and the absence of pharmacokinetics profile in patients with renal impairment, prospective studies with large sample size of patients are required to further clarify the role of SOF-based regimen, especially SOF/DCV, in the treatment of chronic HCV genotype 3 infection.
Conclusion
In this real-world study, SOF/VEL and SOF/DCV are highly efficacious and well tolerated in HCV genotype 3a-infected Chinese patients, irrespective of the presence of cirrhosis or treatment-experience. RBV coadministration and extension of SOF/DCV treatment appear to add no improvement for efficacy. These data suggest that SOF/VEL is an effective and safe treatment of HCV genotype 3a-infected patients and SOF/DCV could be an alternative treatment in the settings where preferred treatments are not available.
